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NOMENCLATURE 


Y “ 1.4 


chord length 

pressure coefficient (p-p w )/(0.5 p^U^ ) 
focal length cf lens 


Gladstone-Dale constant 


span of the airfoil 
lens designation 


Mach number 


number of fringes from reference fringe 

index of refraction 

pressure 

turbulent recovery factor 

temperature 

flow speed 

airfoil angle of attack 

flap mean angle relative to wing chord plane 


laser wavelength 
density 


Subscripts 


adiabatic wall 


outer edge of the boundary layer 

reference condition 

total or stagnation conditions 


wall or airfoil surface conditions 


free-stream conditions 


FLOW-FIELD MEASUREMENTS ON AN AIRFOIL WITH AN OSCILLATING 


TKAILING-EDGE FLAP USING HOLOGRAPHIC INTERFEROMETRY 
1.0 Introduction 

Unsteady loads on aircraft wings resulting from gusts and maneuvering 
dictate the flutter margin and fatigue requirements of the aircraft components. 
The weight of the components affects aircraft operational costs and range. 

Active control technology has been used in an effort to control these unsteady 
forces and to improve the aircraft handling characteristics. 

At transonic speeds, the unsteady flow field is complicated by the presence 
of mixed inviscid flow regimes, shocks, and shock-induced separation. The 
unsteady flows are further complicated by the strong coupling between the steady 
and the unsteady flow fields. Phase lags between the flap position and the 
embedded 3hock waves and the viscous flow response adds to the complexities 
involved in understanding and predicting these flows. 

The prediction of these unsteady flows Is of increased interest. However, 
flows with significant separation are difficult to predict even in the steady 
flow regimes. Thus, detailed experimental investigations are required to measure 
and document the inviscid flow, shock-wave behavior and the shock-wave boundary- 
layer interactions for oscillating airfoils. These data must be obtained in 
sufficient detail to guide the theoretical development of the prediction 
methods and provide a source of data for the evaluation ,of the computational 
efforts. 

In this report, the data obtained using holographic interferometry are 
presented. Optical diagnostics have proven especially useful in transonic flow 
research because of the sensitivity of these flows to perturbations produced by 
material probe3. As a result of the relatively continuous change of the flow- 
field density, these flows are mapped in detail with the use of interferometry* . . 
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In addition to the detailed visualization of the flow fields, the interferograms 
provide an instantaneous mapping of the density field, albeit spatially integrated 
over the span of the airfoil. If the flow can be assumed to be two-dimensional, 
the fringe patterns can be used with the isentropic flow assumption to obtain 
the instantaneous surface pressure distribution. Flow-speed profiles in the 
wake were also obtained for representative conditions. 

The following section contains a description of the holographic interferometry 
method, a presentation of the results, and comments on application of the method 
in large-scale facilities. 
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2.0 Experimental Procedure 

2.1 Description of the Model 

The airfoil used in the investigation had a NACA 64A010 profile with a 50-cm 
chord and a span of 1.37 a. The airfoil had a movable graphite-epoxy flap fixed 
to the main airfoil section at 25% chord, figure 1. Hydraulic actuators were 
used to drive the flap at frequencies from 0 to 50 Hz, The airfoil was mounted 
between splitter plates that were affixed to the floor and ceiling at the NASA 
Ames 11-Foot Transonic Wind Tunnel. 

Optical access was provided for by windows installed in the splitter plates 
as shown in figure 2. A pair of windows was used in each splitter plate with the 
windows mounted flush to the inside and outside walls of the splitter plates. 
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2.2 Holographic Interferometry 

Interferometry which utilizes the mixing of two coherent waves for the pur- 
pose of measuring the distortion in one of the waves, has been used in small- 
scale wind tunnels and is well understood. The introduction of holography as an 
intermediary to store the light-wave information allows a great deal of versatility 
in the use of the technique and significantly extends the possible application. 1 

With holography, the amplitude and phase distribution of a light wave pass- 
ing through the flow field at some instant of time can be stored and later recon- 
structed for comparison to waves formed at other conditions. This allows the 
storage of several test conditions for later comparison and analysis outside of 
the test facility. In addition to the interferometry techniques, the shadowgraph 
and Schlieren flow visualization techniques are al3o available. The ability to 
reconstruct the light field outside of the wind tunnel allows a much greater flex- 
ibility in spatial filtering and photographing the images. 

Transonic flows are especially suitable to the application of interferometry 
since compressibility occurs but the density changes are not all stepwise through 
shocks as in supersonic flow. 2 * 3 In addition, the shocks present in the tran- 
sonic flow fields are weak so that the entire flow field can be assumed to be 
isentropic. Thus, the interference fringes are at the same time a mapping of 
the constant density and the flow-speed contours. These data can be readily 
reduced, with the use of other wind-tunnel conditions, to the surface static 
pressure and viscous layer temperature profiles. 

A Quanta Ray DCR-1 NdrYAG laser is used in the Ames Portable Holographic 
Interferometer as the light source.* 1 This laser is capable of producing pulse 
repetition rates between 2/sec and 20/sec at up to 80 mJ of energy in the green 
line (0.532 urn). Because of the high rep rate capability, a separate HeNe laser 
is not required for aligning the optics as in the case of a pulsed ruby laser 
system. 
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The hologram recording system is composed of a transmitting and receiving 
components (figs. 3, 4, and 5), connected by two optical paths for the object and 
reference beans. The Quanta Ray DCR-1 pulsed Nd:YAG laser used in the system pro- 
duces a beam that has a so-called "donut" intensity distribution due to the 
laser's unstable resonator configuration* Thus, the first elements in the system 
consisting of len3 LI and a spatial filter of 150-um aperture is used to produce 
a smooth beam intensity distribution. The beam is then divided into two paths 
with a beam splitter (B.S.), shown in figure 4. 

The object beam is transmitted through the beam splitter and expanded with 
lens L3 to overfill the Schlieren mirror. Because the foci of L3 and the 
Schlieren mirror coincide, a collimated beam is formed and transmitted through 
the test section. The object beam is approximately 1 meter in diameter and is 
received and refocused to the receiver stage. Lens L6 is used to collimate the 
object beam to an appropriate size for recording at the holographic plate (fig. *>) . 

The reference beam is directed through the beam splitter and over the wind 
tunnel. Lens L2 is used to control the size of the reference beam at the receiver 
stage. Lenses L4 and L5 are used to expand and collimate the reference beam to 
90 mm in diameter which then also falls on the holographic plate. 

A 4-in. by 5-in. film holder is used to hold the higb-rcsolution holographic 
film plates for recording the information. When using the dual plate interferom- 
etry technique, holograms are recorded with no flow in the tunnel (reference con- 
dition) and subsequent plates are recorded at the test conditions. 

After processing the exposed film, the reconstruction system is used for 
viewing and photographing the aerodynamic information. The dual plate holder is 
used to position the reference and test plates to produce interference between . 
the two reconstructed object waves. A len3 is used to image the test section onto 
the film plane of a 4-in. by 5-in. camera and produces a beam diameter of suitable 
size for recording on 4 by 5 sheet film. 
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Figure 3.- 11-foot Holographic Interferometer 
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One major difficulty when utilizing the dual plate technique arises when 
the density of the entire flow field is disturbed. In this case, it is difficult 
if not impossible to ascertain when the Interferometer is aligned to the infinite 
fringe condition, that is, to the case wherein fringes only occur as a result of 
changes in the flow density. This condition occurs in most airfoil tests. , For- 
tunately, a knowledge of the transonic flow characteristics and other alignment 
criteria has led to reconstructed interferograms producing good agreement with 
other measured data. 
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2*3 Data Reduction 


Obtaining quantitative results from the lnterfcrograms is straightforward 
for two-dimensional flows. The pathlength through the wind tunnel in the present 
case was 1.37 meters so the density changes at the test flow Mach numbers was 
sufficient to produce aa optimum number of interference fringes in the infinite 
fringe mode. Using the infinite fringe mode has the advantage of the fringes 
producing a direct mapping of the constant density contours which in turn, map 
the Mach contours. 

Evaluation of the density change per frluge can be determined using the 
following relationships. In an inhomogeneous density test field the phase shift 
of the light wave is 

(If) " A 1 [n(x * y) - n o ]dz 

where A is the laser wavelength and n is the index of refraction. When the 
interferometer is aligned in the Infinite fringe mode, the equation of the fringes 
is 



[n(x,y) - n 0 ]dz 


NA 


where N is an integer. Applying the Gladstone-Dale Constant relating phase 

variation to density, the. integrated relationship is 

, . . NA 

p(x,y) " °o + KL 


The constant values in the present case are: 


L - 1.37 m 

A - 0.532 pm 

K - 0.226 (gm/cm 3 )- 1 

0.532 x 10"" 3 mra 


A 

KL 


0.226 (gm/cm 3 )* 1 1370 mm 


Combining the constants and adjusting for the vail boundary layers result In: 

0 - p 0 « 1.08 x 10-“ 

1 0 fringe 

It remains to Identify a particular fringe to be used as the reference with 
its corresponding density. This can be done In several ways. If there Is a 
region of undisturbed flow in the field of view, the wind-tunnel conditions can 
be used. Unfortunately, this is not generally the case. Instead, a surface 
pressure measurement can be converted to density by using the total temperature, 
T 0 , and the total pressure, P Q . Another independent reference can be obtained 
from the inviscid flow velocity measured with the laser velocimeter. 

Manual counting of the fringe allows an estimated resolution of about 0.3 
of a fringe width and a spatial resolution of ±0.10 mm using a metric scale and 
a loupe. 

The viscous flow speeds can be derived using the Crocco relationship given 


:jr- » 1 + r 
A e 




and the perfect gas law. The turbulent recovery factor r, was taken equal to 
0.88, the model surface is assumed to be adiabatic so T w m T a( j, and T Q is the 
temperature at the outer edge of the boundary layer. 


The wake coordinates were referenced to the trailing edee of the airfoil, 
x/c«1.0 at the trailing edge and y/c=0. At the downstream stations, y/c=0 was 
taken parallel to the lover window from the trailing edee. 
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2.4 Real-Time Shadowgraph and Schlieren Flow Visualization 

A great deal of information on flow-field behavior, particularly the dynamic 
characteristics, can be obtained from simple flow visualization techniques. The 
Nd:YAG laser used in these experiments was capable of producing light pulses of 
approximately 20-nanoseconds duration at a repetition rate of 10 pps. The flap 
was oscillated at 30 Hz. Thus, the laser was fired at - hird cycle of the 

flap. In order to produce the illusion of a continuous oscillatory motion, the 
laser was fired at a frequency slightly different from 10 Hz which produced a 
continuous change in the phase shift between the laser pulse and flap. 

Both shadowgraph and Schlieren techniques were used to visualize the flow. 
Various orientations of the Schlieren knife edge were used to observe the inviscid 
and viscous flow phenomena. Because of the short duration exposures used, the 
spatially averaged features of the flow were recorded at all possible phase angles 
of the oscillation. 

A movie camera was interfaced to the laser such that the camera framing 
rate which could be adjusted also triggered the laser. The system was configured 
to allow the simultaneous recording and viewing of the results. 
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2.5 Laser Trigger Operation 

An electronics circuit was designed to enable the firing of the laser at 
preselected phase angles of the airfoil oscillation. The primary constraint on 
the system was the need to fire the laser flash lamp at the design condition of 
10 Hz. In addition, the count to the data acquisition computer was limited at 
40 per revolution. Thus, a clock frequency was used that was controlled by the 
trigger logic circuit to provide a fixed number of counts per cycle of the flap 
driver. The clock was then divided using a digit switch control to produce the 
desired number of counts per cycle of the flap. For example, 360 counts per 
cycle was used. This number was further divided by 9 to provide the 40 counts 
per revolution to the data acquisition computer. A frame count digit switch was 
used to divide the 360 counts per cycle down to produce the approximately 10 pulses 
per second required by the laser. The division used here depended upon the flap 
oscillation frequency. Flap frequencies that were an integer multiple of 10 were 
maintained to simplify the operation of the system. 

A phase delay digit switch was also provided to enable the firing of the 
laser at any phase angle of the flap. When the primary counter was set to produce 
360 counts per cycle of the flap, the phase delay selector could be set directly 
to the angle in degrees after the once-per-rev signal from the flap. 

The signal from the triggering circuit was connected to a pulse amplifier 
that produced the required 12-volt signal level to fire the laser flash lamp. 

There is a delay of -250 usee between the firing of the flash lamp and laser 
Q-switch. At an oscillation frequency of 30 Hz this delay represented a phase 
error of 


25QxlO~ 6 sec 
0.033 sec/revolution 

or less than 1% error in the phase angle, 
delay was not made. 


360° - 2.7° 

Thus, a correction for the Q-switch 
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3.0 Results and Discussion 

The results represent the first quantitative interferometric data obtained 
in any facility as large as the 11-foot transonic tunnel. Because of the optical 
path lengths involved and the structural supports that resonate when the tunnel 
is running, the acquisition of holographic interferometry data can be difficult. 

A problem associated with the large-scale facilities is the length of the optical 
path through the highly turbulent compressible flow. Light waves passing through 
such flow fields are distorted and energy is deflected from the otherwise colli- 
mated beam. This resulted in a minimal light intensity at the holographic film 
plane. 

In the present investigation, the number of windows involved also contributed 
to the loss in the transmitted energy. There were eight (8) windows in the 
optical path. Although these windows were of optical quality, the surfaces were 
contaminated with a thin film of oil and other material which further reduced 
their transmission of light. 

Because of an error in manufacturing, the apertures used in transforming 
the laser beam to the correct profile also contributed to the loss in available 
laser power. 

Inadequate laser power proved to be the primary difficulty during the tests. 
The quality of the interferograms reflects the need for eliminating this problem. 
Because of the low light exposures large development times were required. This 
caused background fog to occur on the holographic plates which produced poor 
reconstructions with low signal-to-noise. Because the sources of the problems 
have been identified, many of the problems can be eliminated from future tests. 

Results were obtained at a freestream Mach number of M * 0.8, flap frequency 
of f * 30 Hz and chord Reynolds numbers of 6.6*10^ and 12.3*10 6 corresponding to 
P t a 2100 and 4200 psf; a « 0° and P t ■ 2100 unless otherwise specified. Interfere 
metric data were obtained at airfoil angles of attack a - 0° and 4° and mean 
flap angles, 6-0° and -4°, Data were recorded at several phase angles of 
the flap. 
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Figures 6 through 9 are the in t erf ero grams for the full field of view. These 
figures represent infinite fringe intcrferograms so each fringe is a constant 
density line (isopycnic) . As discussed earlier, the long optical path lengths 
(11 feet) through the flow around the splitter plates and the turbulent flow 
field over the airfoil produced strong optical distortions. Thus, the quality 
of the lnterferograms are not as good as those obtained in smaller facilities. 
However, the lnterferograms do portray the flow features with reasonable relia- 
bility. Flap angles and other pertinent information are given in the figures 
with the pressure data. 

Figures 10 through 13 are the surface pressures obtained from the static 
pressure orifices and from the interferometric results. The interferometric 
pressures were obtained under the assumption of isentropic flow and the following 
expressions: 



where M w is the freestream Mach number, y - 1.4 and P fc and are the pressure 
and density at the stagnation conditions. A reference pressure was obtained from 
a surface pressure tap near the forward section of the field of view. When the 
shock extended out of the field of view, a second reference pressure was used 
downstream of the shock. 

The constant density contours were used with the following relationship to 
identify the Mach contours. 



- 19 - 



Figures 14 through 17 are the traces of the Mach contours for the run parameters 
tested. The scale for the figures can be obtained from the width of the window 
shown on the first figures of each series. 

Enlarged views of the trailing edge are presented in figures 18 through 21. 
These results primarily show the behavior of the viscous flow under the imposed 
parametric flow conditions. Although the interferograms are of low quality, the 
general characteristics of the turbulent boundary layers and wakes including the 
thickness and the occurrence of flow separation are visible. These results were 
used with the Crocco relationship to obtain estimates of the flow-speed profiles 
in the wakes shown in figures 22 to 24. The level of confidence in the thickness 
of the profiles is good. However, the velocity deficit was not as large as 
anticipated or expected. This may have been caused by the three-dimensionality 
in the flow including the sidewall boundary-layer interaction and a slight curva- 
ture of the wake in the spanwise direction. The effect of such spanwise nonuni- 
formity would be most pronounced at the low-speed regions of the wake. * * * 

Representative strips of the real-time Schlieren flow visualization movie 
are presented in figures 25 - 27. Each sequence of photos covers one cycle of 
oscillation. Although the Schlieren technique does not produce the detail avail- 
able with the interferometry technique, the information on the dynamic behavior 
of the flow will be useful for the qualitative comparisons to the flow prediction 
methods. During these tests, a strip of tape was applied to the leading edge of 
the model to protect it from erosion by particulate in the flow. At flow conditions 
wherein the shock was upstream of the flap juncture, the shock showed significant 
oscillation even at the steady flow conditions. Under flapping conditions, the 
shock motion and dynamic flow separation were clearly visible. At larger angles of 
attack, bursting of surface-generated vorticity away from the airfoil could be seen. 
The high levels of turbulence produced by the dynamic stall generated observable 
pressure disturbances in the otherwise inviscid flow downstream of the shock. 
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4.0 Sumnary 

Holography interferometry was used to obtain flow visualization and quanti- 
tative results from a flow field generated by a NACA 64A010 airfoil with an oscil- 
lating control surface. The interferometric results complement the data obtained 
with dynamic pressure instrumentation, hot-wire anemometry, and laser Doppler 
velocimetry. Comparisons of the surface pressure data with the interferometric 
results showed good agreement at low angles of attack but differences occurred 
at the larger angles of attack. These differences yield information on the 
relative two-dimensionality of the flow field at increasing flap angles and air- 
foil angle of attack. 

Enlargements of the trailing-edge region show the details of the boundary 
layer and wakes under dynamic flow conditions. The wake profiles obtained from 
the interferometric data did not produce the expected velocity deficits. The 
discrepancy was assumed to be a result of the spanwise curvature of the wake 
and sidewall effects. • . 

Real-time shadowgraph and Schlieren flow visualization movies showed the 
dynamic behavior of the flow field. 

In general, the tests demonstrated the feasibility of applying advanced flow 
visualization and interferometry techniques to large-scale wind-tunnel testing. 
With further refinements to the methodology, the optical techniques can provide 
an efficient means for obtaining detailed flow-field results. 
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HOLOGRAPHIC DATA 
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-- 
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-.591 


1 .35 

-8 

-.639 


.4 

-21 

-.715 


‘ .45 

-36 • 

-.802 


.5 

-45 

-.853 


.75 

-8 

-.063 


.8 

0 

-.011 


.35 

10 

:054 


.9 

15 

.086 


.95 

l 

1.05 

1.1 

22 

31 

27 

20 

. 132 
.192 
.112 
.066 

OWG 1?t?i 
0F POO.V g 

1.15 

17 

.047 


1.2 

12 

.014 




0. 00 0.20 0 . 4 O 0.60 0.80 1 . 00 1.20 x. 
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Figure 10.- 


Comparisons of the Pressures Obtained From the Surface Pressure Taps 
and the Interferometric Results. <S =» 0° * 2°, a * 0° 
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PRESSURE DATA - 11 foot - Oscillating Flap 


run: nr seq: 

FLAP hern: 0 
PHRSE HO.: 1 
MACH: .8 

Ptot; 2089.3 psf 

UPPER x/'c 
SURFACE: — 


RflPL. : 2 
ANGLE: 0 
alpha: 0 
pinf: 1373 psf 


1.174 

-.217 

-.347 

-.429 

-.488 

-.331 

-.391 

-.633 

-.741 

-.811 

-.84 

-.832 

-.276 

-.118 

-.87 

-.011 

.076 

.15 


FREQ.: 30 
DELTA:-. 04 

Ttot: 349.3 Rankin# 

LOWER x/c 
SURFACE: 


-. 162 
-.237 
-.339 
-.393 
-.433 
-.489 
-.494 
-.604 
-.663 
-.468 
-.337 
-.284 
-.218 
-. 169 
-.077 
-.029 
-.001 
.033 
.125 


-1.501 


- 1.00 


A HOLOGRAPHY 


ORiuiMAL IS 

OF FOOR C- -i‘«V 


-0.50 


0. 00 


©.so; 


1 # 00 ili-ii «-!■« UiduJUw lu j * 1 

0.00 0.20 0.40 0.60 0.80 1 . 00 1.20 x/e 





i 

t 





i 


PPESSURE DflTft - 11 foot - Oscillating Flap 


rum: U7 

SEQ: 3 


FLAP mean: 0 

AMPL. : 

2 

PHASE NO.: 3 

ANGLE: 

38 

MACH: .8 

alpha: 

3 

P tot: 2089.3 

psf Pinf: 

1373 psf 

UPPER 

x'c 

C p 

SURFACE: 

— 



0 

1.174 


.05 

-.233 


. 1 

-.38 


. 13 

-.439 


.2 

-.498 


.23 

-.547 

J 

.3 

-.399 


.35 

-.881 


.4 

-.745 


.45 

-.813 


.3 

-.841 


.33 

-.441 


.8 

-. 138 


• 843 

-.048 


.703 

-.029 


.797 

.024 


.849 

• 092 


.95 

. 149 


FREQ.: 30 
DELTA:-!. 12 


Ttot : 349.3 RanMne 

LOWER x/c 

Cp 

SURFACE: 


.05 

-.148 

. 1 

-.248 

. 13 

-.33 

. 2 

-.389 

.25 

-.433 

.3 

-.489 

.33 

-.523 

.4 

-.833 

.45 

-.704 

.3 

-.74 

.33 

-.387 

.8 

-.299 

.843 

-.243 

.782 

-.23 

.793 

-. 127 

.824 

-.058 

.849 

-.02 

.995 

• 044 

.948 

. 123 
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;</c 




HOLOGRAPHIC DATA - 1 
54328 
RUH: 128 
FLAP mean: O 
PHASE NO.: 7 
MACH: .8 

P tot: 2087.9 psf 


W CC CC CC CL 






PRESSURE DATA - tl foot - Oscillating Flap 


RUN: 128 SEQ: 

FLAP mean: 0 
PHASE NO.: 7 
MACH: .8 


11 

AMPL.I 2 
ANGLE: 34 

alpha: o 


Ptot: 2087.9 psf Pinf: 1370 psf 


UPPER 

surface: 


FREQ.: 30 
DELTA: - 1 . 34 

Ttot: 350.13 Pankine 


'C 


Cp 

LOWER 

x/c 

Cp 

— 


— 

surface: 



— 



1.178 


.05 

152 

05 


-.234 


. 1 

-.249 

1 


-.362 


.13 * 

-.349 

13 


-.44 


.2 

-.419 

2 


-.496 


.25 

-.435 

23 


-.361 


.3 

-.52 

3 


-.608 


.33 

-.547 

33 


-• 668 


.4 

-.655 

4 


-.73 


.43 

-.723 

43 


-.812 


.5 

-.794 

3 


-.831 


.53 

-.398 

33 


-.241 


• 6 

-.324 

6 


-. 113 


.643 

-.239 

643 


.007 


.762 

-.243 

705 


-.008 


.793 

-. 134 

797 


.027 


.824 

-.06 

849 


.097 


.849 

-.018 

93 


. 148 


.895 

.046 





.946 

• 126 


- 1 . 50 , 


- 1 .00 


ORIGl/LVu 
OF POOR QUALITY 


- 0 . 50 - 

■ <9J* 


0.00 


.^rA' 


0.50 


1 .00li— 

0.00 






HOLOGRAPHIC DATA 
72117 
RUN: 117 
FLAP mean: 0 
PHASE NO.: 9 
MACH:. .8 

P tot: 2089.3 psf 


11 foot - Oscillating Flap 


SEQ: 3 
AMPL: 2 
angle: 72 
alpha: 0 

Pfnf: 1373 psf 


FREQ: 30 
DELTA:-1.88 
PRINT NO.: 1 
Ttot: 549.3 Ranklne 


UPPER x^c N 

SURFACE: 


. 15 

10 

.2 

0 

.25 

-9 

. 3 

-17 

.35 

-28 

.4 

-40 

.45 

-36 

.55 

-14 

.6 

-9 

.65 

0 

.7 

5 

.75 

10 

.8 

19 

.85 

28 

.9 

32 

.95 

37 

1 

46 

1.05 

40 

1.1 

34 

1. 15 

32 

1.2 

29 


Cp 


-.437 

-.497 

-.552 

-.599 

-.664 

-.734 

-.71 


LOWER x/c N 
SURFACE: 


oesc'k; :. - 

OK POC;\’ Q 



- 1.50 








tetrii*' 


run: ii7 


seo: 

3 


FLAP MEAN 

: o 

AMPL: 

2 

freg: 30 

PHfiSE NO. 

: 13 

ANCLE 

: 108 

DELTA: -1.9 

NflCH: .8 


ALPHA 

: 0 

PRINT NO.: 1 

P tot: 2089. 3 pa r 

PI nf : 

1373 p*r 

Ttot : 349.3 Ranklne 

UPPER 

X'C 

N 

Cp 

LOUER x/c N Cp 

SURFACE: 


-- 

— 

surface: 


. 13 

0 

-.427 



.2 

-9 

-.482 



.23 

-17 

-.331 



.3 

-24 

-.372 


! 

. 33 

-28 

-.396 



. 4 

-38 

-.633 


■ 

.43 

-33 

-.626 


1 

.33 

0 

-. 136 

ORIGINAL 


• 6 

7 

-. 142 

OF POOR QUALITY 


.63 

13 

-.091 



* * 

19 

-.063 



.73 

23 

-.039 



.8 

30 

.006 



.83 

41 

.078 



.9 

47 

.117 



.93 

33 

. 157 



t 

63 

.223 



1.03 

37 

.183 



1.1 

33 

. 137 



1.13 

49 

. 13 



1.2 

46 

.111 




0.00 0.20 0 . *40 0.60 0.80 1.00 1.20 ». c 
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PRESSURE DATA 

- It foot - 

0$c M 1 *t ing 

FUp 


run: xi ? seg: 3 




FLAP MEAN: 0 

AMPL.: 

2 * 

FREQ.: 30 


PHASE HO.: 13 

ANGLE: 

108 

DELTA: -1.9 


mach: .a 

ALPHA? 

0 



Ptot : 2089.3 1 

psf Pinf: 

1373 p*T 

Tiot : 349.3 R*nMne 


UPPER 

x/c 

Cp 

LOWER x/C 

Cp 

surface: 

— 

— 

SURFACE: 

— 


0 

i. 171 

.03 



.03 

-.223 

• 1 

-.269 


• 1 

-.349 

. 13 

— . 36 


.13 

-.427 

.2 

-.421 

• 

• 2 

*-.482 

.25 

-.471 


.23 

-.327 

.3 

-.333 


.3 

-.377 

.33 

-.372 


.33 

-.634 

.4 

-.666 


.4 

-.71 

.43 

-.747 


.45 

-.73 

.3 

-.799 


.3 

-.273 

.53 

-.788 


.33 

-. 186 

.6 

-.439 


.6 

-. 14 

.643 

-.267 


.643 

-.067 

.762 

-.209 


.703 

-.064 

.793 

-.11 


.797 

-.007 

.824 

-.049 


.849 

• 066 

.849 

-.006 


.93 

.133 

.893 

.031 




.946 

.126 













HOLOGRAPHIC DATA 

- 11 foot - Oscillating Flap 

180217 
RUN: 117 

SEQ*. 3 


FLAP mean: 0 

ahpl: 2 

FREQ: 30 

PHASE MO.: 21 

ANGLE: 180 

DELTA: O 

MACH: .8 

ALPHA: 0 

PRINT NO.: 2 

Ptot: 2089.3 psf 

Pinf: 1373 psf 

Ttot : 549. 3 Rank In# 

UPPER x/c 

N Cp 

LOWER x/c N 

surface: 

— 

surface: 

. 15 

14 -.346 


.2 

0 -.432 


.25 

-10 -.493 


.3 

-18 -.541 


• 35 

-26 * -.589 


.4 

-36 -.648 


.45 

-45 -.701 

ORJGWAL PAGE f3 

.8 

-5 -.21 

Ck — * 70 

OF POOR QUALITY 




PRESSURE DATA - U foot - OscHUtlng FUp 


Rum: nr SEQ: 

FLAP MEAN: O 

phase no.: 21 

MACH: .3 

Ptot: 2089.3 psf 
UPPER x'c 

surface: 

0 

.03 
. 1 
. 15 
.2 
.23 
.3 
.33 
.4 
.43 
.3 
.35 
.6 

.843 

.703 

.797 

.849 

.95 


3 

AMPL.: 2 

angle: 180 
alpha: 0 

Pinf : 1373 psf 
Cp 

1.171 
“. 188 
“•299 
“.376 
“.432 
“.47 
-.308 
-.363 
-.639 
-.673 
-.484 
-.341 
-.263 
-.178 
-.201 
“.128 
.004 
• 126 


FREQ.: 30 
DELTA: 0 

Ttot: 549.3 R«nHn« 

LOWER x/c 

SURFACE: 

.05 
. 1 
. 13 
.2 
.25 
.3 
.33 
.4 
.43 
.3 
.53 
.6 

• 643 
.762 
.793 
.824 
.849 
.893 
.946 


Cp 


-.213 
-.31 
-.403 
-.437 
-.513 
— . 366 
-.623 
-.7 
-.763 
— . 326 
-.819 
-.332 
-. 133 
-.004 
.021 
.048 
• 06 
.09 3 
.139 



x /q 
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HOLOGRAPHIC DATA - 11 foot - Oscillating Flap 


FREQS 30 
DELTA: 1.13 
PRINT NO.: 2 
Ttot: 549.3 Rankin* 

LOWER x/c N Cp 

SURFACE: - 


v * 

4 

£i 

r* I 

:•?* \ 

I : 

& 

& 

;-x 

t-. 

$ ' 


■ * j 

V / 

. -% 

l * 


216217 
RUM: 117 
FLAP MEAN: 0 
PHASE NO.: 25 
MACH: .8 

Ptot: 2089.3 psf 

UPPER x/c 
SURFACE: 


seq: 3 
ampl: 2 
angle: 216 
alpha: 0 

Plnf: 1373 psf 
Cp 


ORiGfr/AL P # r(jr 

0F POOj? Q:jali 


1=4 








/ 


270128 
RUM: 128 


UPPER 

surface: 


C DATfl 

- 11 foot - C 


seg: 

11 

0 

AtiPL: 

2 

31 

ANGLE 

: 270 


ALPHA 

: 0 

’.9 psf 

Pi nf : 

1370 

c/c 

N 

Cp 

.2 

0 

-.449 

•s rr 
* ± J 

-11 

-.516 

.3 

-19 

-.564 

.35 

-29 

-.624 

.4 

-40 

-.638 

.45 

-57 

-.787 

.5 

-69 

-.855 

.55 

-64 

-.827 

.7 

0 

-.245 

.75 

-2 

-.258 

.8 

12 

-. 17 

.85 

26 

-.08 

.9 

39 

.004 

.95 

53 

.095 

l 

63 

. 161 

1.05 

55 

. 188 

1. 1 

50 

.075 

1.15 

47 

.056 

1.2 

44 

.036 


FREQ: 39 

DELTA: 2.02 

PRINT NO. : t 

Ttot : 550. 15 Rank in* 

LOWER x'c H 

SURFACE: 


ORIGINAL PAGZ i£ 
OH POOR QUALITY 


-1.50 


- 1.00 


-0.5O 


0.00 


0.50 


t . 00 •“ 
0 . 00 


c-*' 




y *- 0 



0 . 2 n 0.-40 


0.6Q 


0.80 


1 . OO 






PRESSURE DATA - 11 foot - 

Osc 1 1 1 *t ing 

Flap 


RUN: 128 seq: 11 




FLAP mean: 0 ampl.: 

2 

FREQ.: 30 


PHASE HO.: 31 ancle: 

270 

DELTA: 2.04 


mach: .8 alpha: 

0 



ptot: 2087.9 psf Ptnf: 

1370 psf 

Ttot: 330.13 Rinklne 


UPPER x/c 

Cp 

LOWER x'c 

Cp 

SURFACE: 

— 

SURFACE: 

— 

0 

1.174 

.05 

-.23 

1 .03 

-.163 

• 1 

-.325 

. 1 

-.302 

. 15 

-.43 

.15 

-.385 

.2 

-.474 

.2 

-.449 

.25 

-.344 

.23 

-.511 

• 3 

-.382 

.3 

-.337 

.33 

-.638 

.35 

-.621 

.4 

-.702 

.4 

-.708 

.45 

-.773 

.45 

-.775 

.5 

-.71 

.5 

-.816 

.55 

-.214 

.53 

-.8 

.6 

-. 134 

.8 

-.437 

.643 

-.047 

• 643 

-.193 

.762 

‘ .088 

.705 

-.232 

.793 

.076 

.797 

-. 163 

.824 

.087 

.849 

-.002 

.849 

.083 

.95 

.133 

.895 

. 102 



.946 

.143 


-1.50, 


- 1 . GO 


-0.50 


ORIGINAL 5S 

OF POOR QUALITY 



0.00 


jfcO 


G.5G 


1 . 0Q IL— 

G. 00 


0 . 20 0.40 






HOLOGRAPHIC DATA - 11 foot - Oscillating Flap 
18241 

rum: i4i seq: 8 

FLAP MEAN: ^4 AMPL: 2 FREQ: 

PHASE NO.: 3 ANGLE: 18 DELTA: 

MACH: .8 ALPHA: 0 PRINT I 


Plot: 2128.2 psf Pinf: 1393.2 psf 


FREQ: 30 
DELTA: -4. 3? 

PRINT NO.: 2 

Ttot: 330.34 Rankinc 


UPPER 

SURFACE: 


. 13 

19 

-.348 

.2 

8 

-.415 

.25 

0 

-.462 

.3 

-8 

-.31 

.35 

-14 

-.345 

.3 

0 

-.238 

.53 

7 

-.195 

.6 

19 

-.121 

.63 

30 

-.031 


37 

-.007 

.73 

43 

.031 

.8 

42 

.023 

.85 

44 

.037 

.9 

46 

.05 

.95 

47 

.037 

1 

50 

.076 

1.03 

45 

.044 

1.1 

39 

.006 

1.13 

33 

-.032 


LOWER x/c 
SURFACE: 


ORIGINAL PAGE .S 

OF POOR QUALITY 


- 1 .50, 


- 1.00 


-0.50 


0.00 


0.50 


J _ QQ I .... I . ■ I .... I .... I .... I ■ ... I ■ ... I .... I .... I . ... I .... I ■ ... I 

” O • 00 0.20 0.40 0.60 0.80 i.00 1.20 




? igure 11.- Comparisons of the Pressures Obtained From the Surface Taps and the 
Interferometric Results. 6 = a = 0° 
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HOLOGRAPHIC DATA 

- 11 foot - 

Osc i 11 At i ng Flap 

34240 
RUN: 140 


seq: 

8 


FLAP mean: 

-4 

AMPL: 

2 

FREQ: 30 

PHASE HO, : 

7 

ANGLE 

: 34 

DELTA: -5. 65 

MACH! .3 


ALPHA 

: 0 

PRINT NO.: 2 

P tot: 2123 

.2 psf 

Ptnf: 

1397 

• 2 psf Ttot: 551.25 RanMnc 

UPPER x 

s c 

H 

Cp 

LOWER x/c N 

surface: - 

— 

— 

— 

SURFACE: 


.2 

6 

-.371 



.23 

-2 

-.334 



.33 

0 

124 



.6 

16 

-.023 



• 63 

34 

.092 



.7 

47 

. 176 



.75 

38 

.248 



.3 

64 

.283 



.35 

63 

.295 



.9 

67 

.308 



.95 

68 

.313 



1 

73 

.348 



1.05 
1 . 1 

78 

73 

.381 

.361 

ORlGfi\7'f FP- ‘7 

^ 4 J Iw 




PRESSURE DATA - It foot - Oscillating Flap 


run: 140 

seo: 8 



flap mean:-4 

AMPL.: 

2 

FREO. : 30 

PHASE NO.; 7 

angle: 

34 

DELTA:-3.$3 

MACH: .8 

alpha: 

0 


Ptot : 2128.2 

p*f Plnf: 

1397.2 psf 

Ttot : 331.23 Ranktne 

UPPER 

yvc 

Cp 

LOWER x-e 

surface: 

• — - 

— 

SURFACE: 


0 

t. 178 

.03 










PRESSURE DATA - H foot - Oscflltttng Flap 


rum: m seq: 

flap mean: -4 

8 

AMPL. : 

z 

FREQ.: 30 

PHASE mo.: IS 

angle: 

1 62 

DELTAJ-4.74 

MACH: .8 

alpha: 

0 


Ptot: 2128.2 P*f 

p<nf: 

1393*2 psf 

Ttot: 330.34 Rank lot 

UPPER x/C 


Cp 

LOWER x^c 

surface: — 

- 


surface: 

0 


1.176 

.03 





MULULPHPHIC DATA 
234241 

run: 141 

FLAP MEAN: -4 
PHASE NO.: 27 
MACH: .8 

Ptot: 2128.2 p*f 


- It foot - Osci lining Fl*p 


seq: 8 

AMPt: 2 
ANGLE: 234 

alpha: 0 

Pinf: 1395.2 psf 


UPPER x*'c 
SURFACE: 


Op 


FREO: 30 

PELTA:-2.39 

PRINT NO.: 2 

Ttot: 550.34 Ranlint 


LOWER y/c 

surface: 


N 


ORlGtNAL P 
0F POOR q, 


Cp 








PRESSURE Dftfft - 11 foot 


Osc i 11 at log Flop 


run: i4i seq: 8 




FLAP MEAN: -4 

ampl. : 

2 

FREQ.: 30 


PHASE NO.: 27 

ancle: 

234 

DELTA:-2.39 


MACH: .8 

ALPHA: 

0 



ptot: 2123.2 

psf Pinf: 

1393.2 psf 

Ttot: 330.34 Rtnkln* 


UPPER 

x'c 

Cp 

LOWER x/c 

Cp 

surface: 

— 

— 

SURFACE: 

— 


0 

1 . 169 

.03 

-.31 


.83 

-.08 

. 1 

-.388 


. 1 

-.223 

. 15 

-.493 

i 

. 13 

-.385 

.2 

-.33 

1 

.2 

-.368 

.23 

-.397 


.23 

-.421 

.3 

-.649 


.3 

-.461 

.35 

-.693 


.33 

-.519 

.4 

-.778 


• 4 

-.38 

.43 

-.833 


.43 

-.494 

.5 

-.916 


.5 

-.343 

.33 

-.933 


.53 

-.262 

• 6 

-.983 


• 8 

191 

.64 3 

-.836 


• 843 

-.077 

.762 

-.243 


.705 

-.074 

.793 

-. 191 


.797 

-.804 

• 824 

-.118 


.849 

.064 

.849 

-.082 


.93 

.121 

.893 

.016 




• 946 

.096 



0.00 0.20 0.40 0.60 0.80 1.00 1.20 */c 
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HOLOGRAPHIC DATA 

- 1 1 foot - i 

Osc n 1 at i ng F \ *p 


270140 
RUN: X 40 

seq: 8 



FLAP MEAN: -4 

ampl: 2 

FREO: 30 


PHASE NO.: 31 

•ANGLE: 270 

DELTA:-2.07 


MACH: .8 

ALPHA: 0 

PRINT NO.: 1 


Ptot: 2128.2 psf 

Pinf: 1397 

.2 psf Ttot: 551.25 Rsnkint 

UPPER </'C 

N Cp 

LOWER X''C 

N 

SURFACE: 

— 

SURFACE: 

— 

• 2 

0 -.382 



.25 

-8 -.419 



. 3 

-9 -.437 



.35 

-18 -.479 



.4 

-25 -.532 



.6 

0 -.181 



.85 

14 -.094 



. * 

.75 

.8 

22 -.043 
32 .021 
43 .091 

ORIGINAL 
OF POOR 

P A >■ « 

QUALITY 




PRESSURE DATA 


11 foot - Oscillating Flap 


run: uo seq: 

8 



FLAP MEAN: -4 

ampl. : 

? 

FREQ.: 30 

PHASE HO.: 31 

angle: 

270 

DELTA: -2. 07 

MACH: .8 

alpha: 

0 


Ptot: 2128.2 psf 

Pinf : 

1397.2 psf 

Ttot: 531.25 Rankin* 

UPPER x^c 


Cp 

LOWER <'C 

SURFACE: 

- 

— 

surface: 

0 


1 . 166 

.05 








HOLOGRAPHIC DATA 

-11 foot - Oscillating Flap 

30-5341 




RUN: 141 

seq: 

8 


FLAP MEAN: -4 

ampl: 

2 

FREQ: 30 

PHASE NO.: 35 

ANGLE 

: 306 

DELTA: -2. 3 

MACH: .8 

ALPHA 

i: 0 

PRINT NO.: 3 

P tot: 2128.2 psf 

Pinf : 

1395.2 psf 

Ttot : 550.34 Rankin* 

UPPER x, c 

N 

Cp 

LOWER x/c N 

SURFACE: 

— 

— 

SURFACE: 

.2 

0 

-.402 


I .25 

-9 

-.456 


.3 

-17 

-.504 


* .35 

-25 

-.551 


.4 

-37 

-.621 


.55 

0 

-.229 


.6 

12 

-. 155 


.65 

26 

-.067 


.7 

31 

-.036 


.75 

36 

-.004 


.8 

45 

.053 


.85 

50 

.085 


.9 

54 

• 111 


.95 

59 

. 143 


1 

65 

. 182 


1.85 

58 

. 137 


1.1 

53 

. 105 


1.15 

49 

.079 


1.2 

46 

.06 



ORIGINAL PAGc fg 
OP POOR QUALITY 


- 1.50 


- 1.00 


- 0.50 


0.00 


0 . 5 O 


I . 00 L— 

0 . 00 




0.20 0.-40 


0.60 


0. 60 


1.00 


1.20 *: c 


S. ‘ 




PRESSURE DATA 

- It 

foot - 

Osc i 11 at i ng 

Flap 



run: mi seq: 

8 





FLAP MEAN: -4 


AMPL. : 

2 

FREQ.: 30 



PHASE NO. : 35 


ANGLE: 

306 

DELTA5-2.3 



MACH: .3 


alphr: 

0 




Plot: 2123.2 1 

P*f 

Pinf: 1 

1395.2 psf 

Ttot: 550. 

34 R«nlHn* 


UPPER 

x^c 


Cp 

LOWER 

x/c 

Cp 

SURFACE: 

— 


— 

SURFACE: 



— 


3 


1.171 


.05 

-.29b 


r> 

o 


-.11 


. 1 

-.376 


. 1 


-..253 


. 15 

-.48 


. 15 


-.337 


.2 

-.524 


• 2 


-.402 


.25 

-.588 


.25 


-.461 


.3 

-.642 


.3 


-.501 


.35 

-.637 


.35 


-.555 


.4 

- • 772 


<4 r*. C4 




/ 

/ 


HOLOGRAPHIC DATA 

-11 foot - I 

342140 




RUN: 140 


seq: 

8 

FLAP MEAN 

:-4 

ampl: 

2 

PHASE NO. 

: 39 

ANGLE 

: 342 

MACH; .8 


ALPHA 

: 0 

Plot: 212 

8.2 ps^ 

Pinf: 

1397 

UPPER 

x/c 

N 

Cp 

surface: 

— 

— 

— 


.23 

0 

-.464 


.3 

-5 

-.494 


.33 

-9 

-.518 


.4 

-18 

-.371 


- .53 

0 

-. 187 


.6 

17 

-.081 


.83 

33 

.021 


• 7 

42 

.079 


.73 

33 

. 15 


.6 

64 

.222 


.83 

69 

.253 


.9 

74 

.288 


.93 

80 

.327 


1 

88 

.381 


1.03 

84 

.334 


1.1 

32 

.341 


1.15 

80 

.327 


1.2 

80 

.327 


- Osc 1 1 1 at ing Flap 


FREQ: 39 
DELTAS-3.3 
PRINT NO.: i 
Ttot: 331.23 Rankin# 

N 


ORICINAl. PASS , 3 
OR POOR QUALITY 


LOUER 

SURFACE: 


x/c 


Cp 
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PRESSURE DATA 


11 foot 


rum: mo seo: 8 

FLAP MEAN: -4 AMPL.: 

PHASE HO.: 39 ANGLE! 

MACH: .3 ALPHA: 

Ptot: 2128.2 psf Pinf: 

UPPER x'c 

SURFACE: 

0 

! .83 

. 1 
. 13 
.2 

• 23 
.3 
.33 
.4 
.43 
.3 
.33 
.6 

• 643 
.703 
.797 
.849 
.93 



Osc i 11 at i ng Flap 


2 

342 4 
0 

1397.2 pif 


FREQ. : 30 
DELTA: -3.3 

Ttot: 351.25 Rankin* 


Cp LOWER 

SURFACE: 

1.168 
-. 127 
-.268 
-.346 
-.407 
-.464 
-.495 
-.551 
-.618 
-.399 
-.266 
-. 187 
-. 109 
.009 
.044 
. 104 
. 142 
. 166 



Cp 

.03 

-.286 

. i 

-.369 

. 13 

-.47 

.2 

-.322 

.25 

-.333 

.3 

- • 636 

.33 

-.681 

.4 

-.763 

.45 

-.838 

.5 

-.897 

.55 

-.929 

.6 

-.933 

.643 

-.887 

.752 

-.389 

.793 

-.201 

.824 

-. 129 

.349 

-.068 

.393 

.029 

.946 

. 121 
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- 11 foot - OsciiUt ing Flap 


HOLOGRAPH I C DATA 

34144 

RUN: 144 

FLAP MEAN: 0 

PHASE NO.: 7 

MACH: .3 

Ptot : 4233 ps f 


SEQ: 33 ’ 

ampl: 2 

ANGLE: 54 
ALPHA: 0 

Pfnf: 2783.8 psf 


FREQ: 30 
DELTA:-1.58 
PRINT NO.: 1 
Ttot: 580 Rahkin* 


UPPER 

S.URFACE: 


x/c N Cp 


15 

42 

-.421 

2 

22 

-.484 

25 

0 

-..553 

3 

-14 

-.597 

35 

-30 

-.646 

4 

-46 

. “.€95 

45 

-61 

-.741 

6 

0 

127 

85 

17 

-.071 


LOWER x/c H Cp 

SURFACE: 


OniGC’AL i 
OF POC.'< Q 




PRESSURE DAT A 


It foot 


Osc i 11 «t i ng Flap 




RUNS 144 SEQ: 33 




FLAP mean: o ampl.: 

2 

FREQ.: 30 


PHRSE HO.; 7 ancle: 

34 

DELTA:-1.30 


MACH: .8 ALPHA: 

O 



Ptoi: 4238 psf Pinf: 

2788.8 psf 

Ttot: 380 Rankin* 


UPPER x/c 

Cp 

LOWER x/c 

Cp 

SURFACE: 

— 

SURFACE: 

— 

e 

1.173 

.03 

134 

.03 

-.243 

. 1 

-.224 

. 1 

-.333 

.13 

-.316 

.13 

-.429 

.2 

-.379 

.2 

-.483 

.23 

-.429 

.23 

-.353 

.3 

-.489 

.3 

-.388 

.33 

-.324 

.35 

-.647 

.4 

-.623 

j .4 

-.727 

.45 

-.697 

.43 

-.763 

.3 

-.717 

.3 

-.739 

.53 

-.35 

.33 

-. 16 

.6 

-.305 

.8 

-. 127 

.643 

-.236 

.843 

-.053 

.762 

-.085 

.705 

-.041 

.793 

-.129 

.797 

-.005 

.824 

-.057 

.849 

.087 

.849 

-.009 

.93 

.146 

.895 

.033 



.946 

.13 


-1.50 


- 1.00 


-0.50 

Cp 

0.00 


0.50 


1.00 

0.00 0.20 0.40 0.60 0.80 1.00- 1.20 x<c 
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rntaSUK t WHIM 


11 toot 


Osc t II At t ng FI up 


pun: m< 

seq: 33 




flap mean: 

0 

ampl.: 

2 

FPEQ, : 30 


PHASE HO.: 

13 

ancle: 

126 

delta:-i.7 


mach: .a 


alpha: 

0 



ptot: 4238 

p*f 

Ptnf: 

2788.8 p*f 

Ttot : 380 Rank t n* 


UPPER 


x/c 

Cp 

LOWER x/c 

Cp 

SURFACE 

' • 
► A 

- — - 

— 

surface: 

— 



0 

1. 172 

.05 

-.167 



.03 

-.213 

. 1 

-.237 



• 1 

-.324 

. 13 

-. 332 



. 13 

-.399 

. 2 

-.413 



*2 

-.454 

.23 

-.464 



.23 

-.318 

.3 

-.328 



.3 

-.342 

.33 

-.339 



,33 

-.39 

• 4 

-.634 



.4 

-.639 

.45 

-.736 



.43 

-.449 

.3 

-.77 



.3 

-.313 

.33 

-.737 



.33 

-.217 

.6 

-.324 



.6 

-. 199 

.643 

-.227 

1 


.643 

-. 108 

.762 

-.084 



.703 

-. 101 

.793 

-.073 



.797 

-.053 

.824 

-.018 



.849 

.047 

.849 

.016 



.95 

. 132 

.893 

.067 





.946 

. 138 



x ^c 




HOLOGRAPHIC DATA 

- 11 foot - Osc Hitting Fltp 

186249 j 

PUN; 149 

seg; 7 


FLAP MEAN: -4 

ampl: 2 

FREQ: 36 

PHASE NO* : 21 

angle: iso 

DELTA:-4.03 

MACH: .8 

alpha: 4 

PRINT NO. : 2 

Plot: 2127.3 p»f 

Pinf: 1394.9 p.f 

Ttot: 347.34 Rankin# 

UPPER x'c 

H Cp 

LOWER k'Z N 

surface: 

-- --- 

surface: 

. 13 

0 -.889 


.2 

-8 -.933 


.23 

-16 -.976 


. 3 

-23 -1.014 


j -33 

-29 -1.045 


.4 

.43 

-36 -1.082 

-45 -1.129 

CVfi'Of 

— 







HOLOGRAPHIC DATA 
225449 
RUN: 149 
FLAP MEAN: -4 
PHASE HO.: 26 
iiach: .8 

Ptot: 2127*5 psf 


11 foot - Oscillating Flap 


SEQ: 7 
ampl: 2 
angle: 225 
alpha: 4 

Pinf: 1394.9 psf 


FREQ! 30 

DELTAj-2.63 

PRINT NO. : 4 

Ttot: 547.34 RanHnt 


UPPER 


'C 

N 

Cp 

. 1 

20 

-.826 

.15 

11 

-.376 

.2 

5 

-.908 

.25 

0 

-.935 

.3 

-5 

-.962 

.35 

-It 

-.995 

.4 

-20 

-1.042 

.45 

-31 

-l.l 

.5 

-32 

-1. 105 

.6 5 

-27 

-.34 

a • 

-11 

-.243 

.75 

0 

-.175 

.8 

10 

-.113 

.85 

18 

-.063 

.9 

26 

-.013 

.95 

33 

.031 

1 

36 

.05 

1.05 

36 

.05 

l.l 

32 

.025 

1.15 

29 

.006 

1.2 

25 

-.019 


LOWER *v c 
SURFACE: ---■ 


- 1.50 


- 1.00 


- 0.50 


0.00 


0.50 



I # 00 I I ■■ I ^ I 

0.00 0.20 0.40 0.60 0.80 1.00 







angle: 223 

ALPHA: 4 

P inf: 1394.9 psf 
Cp 

.992 

-.821 

-.829 

-.874 

-.9 

-.933 

-.953 

-1.803 

-1.062 


DELTA: -2.63 

Ttot: 347.34 Pankin* 

LOWER x/c 

SURFACE: 

.03 
.1 
.13 
• 2 
.25 
.3 
.35 
.4 
.43 














PRESSURE DATA - 11 foot - OscUUting Flap 


run: 149 seq: 

7 




FLAP MEAN: -4 


AMPL. : 

2 

FREQ.: 30 


PHASE NO.: 31 


angle: 

270 

delta:-i. 

97 

MACH: .8 


alpha: 

4 



Ptot: 2127.3 

pif 

Pint: 

1394.9 psf 

Ttot : 347 

.34 RanHne 

UPPER 

x/c 


C P 

LOUER 

x/C 

surface: 

— 


— 

surface: 

-- — 


0 


.993 


.03 


• 05 


-.817 


. 1 


. 1 


-.824 


.15 


. 15 


-.863 


• 2 


.2 


-.893 


.25 


.25 


-.93 


.3 


.3 


-.958 


.33 

ORIGINAL PP.GS S3 
OF POOR QUkUTY 

.35 


-.999 


.4 

.4 

.45 

.5 


-1.058 
-1.248 
-1. 182 


.43 

.5 

.33 











H » 0.950 1.000 1.050 


0.825 0.800 0.775 


r 1.100. 


1.150 


100 mm 


0.750 


1 . 200 ) 


0.725 


A J 


KhCH CONTOURS - 11 foot - Osc i 1 1 at mg Flap 
RUli: 11? SEQ! 3 

FLAP MEAN: 0 AMPL. : 2 FREQ. 5 3*J 

phase no . : i angle: o delta: -.04 

MACH: .8 alpha: o 

Pto*: 2083. 3 psf Pint': 1 3?3 pat Tto*: 548. 3 Para .t.« 


M -0.90 0.95 1-00 


0.825 0.800 0.775 



0.725 


0.700 
_ o 


0.750 


IIAlH COHTOUPS - 11 foot - Oscillating Flap 
RUM: 11? SCO: 3 

'LAP MEAN: 0 AMPL.: 2 FREC!. : 30 

PHASE HO.: 5 ANGLE: 36 DELTA:-!. 1 A 

MACH: .8 ALPHA: 0 

Ptot: 2038.3 paf Pir.f: 1373 psf Ttot: 548.3 Failin' 


Figure lU . — Mach Contours Obtained From the Interferograms 


y 1VMK9WO 





0.85 0.90 0.95 


/ i 



rthCH CONTOURS - 11 fool - Osc i 1 1 it mg FI ip 
Run: u? SfQ: 3 

FLAP mean: 0 AMPL.: 2 FREO. : 30 

PHASE. HO. : 13 ANGLE: 103 IiELTft: -1.3 

MACH: .3 ALPHA: 0 


P»:.»: 2033.3 psf Plnf: 1373 psf Tt- ot : 543.3 Pan!. ir<« 


M « 0.85 0.90 0.95 


0.875 0.850 0.825 0.800 0.775 0.750 


0.900 


1.U3 

/-T 


0.725 


0.700 


MhCH CONTOURS - 11 foot - Oscillating Flap 

run: 117 sea: 3 

FLAP MEAN: O AHPL.: 2 FR£0.: 30 

PHASE HO.: 1? ANGLE: 144 IpELTA:-1.22 

MACH: .3 ALPHA: O 


Pt o» : 2033.3 pjf Pint'-: 1373 psf Ttot: 543.3 Ranlin* 


ORIGINAL PAGb* IS 
Op POOR QUALITY. 










85 0.90 


875 0.850 0.825 


MACH CONTOURS - 11 foot - OfcilUtmg Flap 
4 

FLAP MEAN: -4 AMPL 

PHASE NO.: 3 ANGLE: 18 DELTA, -r . 

MACH: .8 ALPHA: 0 

Ptot: 2128.2 psf Pinf: 1395.2 p±f Ttot: 550.34 Ranting 


0.85 0.825 0.800 0.775 0.750 0.725 0.675 0.650 


0.700 


MACH CONTOURS - 11 foot - Oscillating Flap 

run: 140 seo; 8 

FLAP MEAN: -4 ANPL.: 2 FPEC 

PHASE NO. 2 ? ANGLE: 54 DELI 

MACH: .8 ALPHA: 0 


AMPL. : 


F P £ 0 . : 30 

angle: 

54 

DELTA: -5. 

ALPHA: 

0 


Pinf: 

1397.2 i>*f 

Ttot: 551 


Figure 15.- Mach Contours Obtained From the Inter ferogram3 


uruuu'mu rivai. 

OF POOR QUALITY 








MACH CONTOURS - U foot - 

run: 141 seq: s 

flap mean : -4 ampl.: 

PHASE no,: 19 angle: 

MACH: .3 ALPHA: 

Plot; 2123.2 p it Pmf: 


0*c i 1 1 at i no 
2 

162 

0 

1395.2 p«f 


FI ap 

FREQ. : 30 
HELTA:-4.?4 

Ttot; 550.34 


L 


Rani me 


i 



MACH CONTOURS - 11 
run: 141 seq: 

FLAP MEAN: -4 
PHASE NO.: 2 ? 

MACH: .3 

pfot: 2123.2 psf 


foot - Oic i 1 1 it i ng 

■> 

AMPL. : 2 
ANGLE: 234 

alpha: 0 

P inf: 1395.2 pif : 


F ] ap 

FREQ.: 30 
HELTA:-2. 39 

Ttot: 550.34 


R at 4- i tii* 


\ 



OF POOR QUaLiTY 




aanarrrr'- 


h = 0.90 


Nrt'.H CONTOURS - 11 foot - Oscillating Flap 
run: 140 seq: s 

FLfiP MERH:-4 flHPL. : 2 FREQ.: SO 

PHASE NO.: 31 ANGLE: 270 DELTA: -2. 07 

MACH: .3 ALPHA: 0 

Ptot: 2123.2 psf Pinf : 1387.2 pjf Tto»: 551.25 Par.lit 


feiu 


0.900 0.875 0.825 0.800 0.775 


0.750 


0,725 


MACH CONTOURS -Ilf oot - Osc i 1 1 at t rig F 1 ap 
RUNS 141 SEQ: 8 

FLAP MEAN: -4 ANPL. : 2 FREQ.: SO 

PHASE NO.: 35 ANGLE: SOS DELTA: -2. 3 

MACH: .8 ALPHA: 0 

Ptot: 212*. 2 flsf Pmf: 1385.2 psf .'Ttot: 550.34 Rant, i n 


0.775 
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H « 1.15 1.20 1.25 1.30 0.925 0.900 0.875 0.850 
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Ill'll E PROFILES 


IrUIC \>i il 
I'l.AP MEflll: c 

rufliE no.: r 

iihch: .$ 

20 & 7.9 | 

d.O 25 


0. 05 C 


0.025 


i 

ro 

N) 

l 


0.000 

-0. 025 


-0. 050 


-0. 0 
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MAIE PROFILES - II foot - Oscillating Flap 


0.075 


0. 050 


0.025 


0. OOOL 


-0. 02 5 L 


-0. 050l 


fun: nr seci: 3 

FLAP me am: o ampl. : 2 

PHASE MO.: 25 AMGLE: £lt> 

mach: .s alpha: o 

plot: 2033.3 p = f Pint’: 1 i? 3 ps t 


FREO. : 30 
DELTA: 1.15 

T»ot : 543.3 Panl ine 




1.0 . 


U Ue 


U Ue 


U Ue 


••: C= 1.10 
Me = 0. ’ .9 


Me = i.i./ 38 


■•: •> 1.20 

Me - 0.7*1 : 
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S iK vLLi _ 2: ^ v • * ■ ^ *••»• ■'- 


<-.'S 

*4$ 

ti/'i 


ro 

*^j 

l 


UA( E PROFILES - 11 

< oo» - 

0 = c l 11 it \ ng 

FI ip 

pun: 128 seo: 

FLAP MEAN: 0 

11 

AHPL. S 

z 

FREQ. 

PHASE HO.: SI 

ANGLE : 

zro 

DELTA 

MACH: .8 

alpha: 

0 


Pi •:•* : 2087.8 paf 

P i nf : 

1370 pi t 

Tt ot : 


Ttot: 550.15 Rink me 



ORIGINAL P/iC: 







11 foot 






IIIU E PROFILES - 
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Figure 24.- Wake profiles; a = 0* 6 =-4! 



•OcJ JO 
1 1 / i L! 0 








n « 


2 * 0 


f « 30 Hz 



Figure 26,- Schlieren Flow Visualization 
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